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Abstract
There are relatively high amounts of ammonia returned to the headworks of a municipal
wastewater plant that are extracted from the dewatering process. This ammonia load contributes
to a significant oxygen demand in the secondary treatment, requiring greater air blower energy
costs. This goal of this research was to evaluate the feasibility of the recovery of an ammonium
sulfate product from belt press filtrate. The objectives of this research were to: (1) analyze
wastewater treatment average monthly data flows and constituents with respect to ammonia
nitrification, (2) the evaluate the technical performance of a two sage gas-separation membrane
for recovering ammonia separation, and (3) evaluate the economic feasibility of wastewater
plants operating ammonium sulfate production. Results showed that, for the years 2012-2013,
the Bustamante Wastewater Treatment Plant had a monthly average of 1197 lb/day of ammonia
(as N), which required an average energy cost of $60,868per year. The ammonia separation
process was observed to operate optimally at a pH of 9.8 in the belt press filtrate influent, which
maximizes the ammonia speciation without causing calcium carbonate precipitation. At a filtrate
feed flowrate of 2.0 gpm in the pilot system, 68% of the ammonia was removed, producing
approximately 11 lb/day of ammonium sulfate. Scale-up to treat the average 0.18 million gallons
per day (mgd) of belt press filtrate would have an estimated annual energy cost savings of
$23,900 and ammonium sulfate revenue of $15,135 per month for a total net financial benefit of
$205,500 per year. With an estimated total capital cost of $1,680,280 the simple payback period
was estimated to be 8 years. Future work should evaluate more efficient particle pretreatment to
minimize fouling of the gas-separation membranes.
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1
1.1

Introduction

Background and Challenge
Most of the U.S cities have secondary wastewater treatment systems, which remove most

suspended solids and organic content. These systems are governed through the National
Pollutant Discharge Elimination System (NPDES) program, created by the Clean Water Act
(CWA). One challenge in contemporary water treatment is addressing discharge of relatively
high concentrations of nutrients, which may lead to eutrophication (Taylor et al. 2014). Thus,
there is a growing interest in removing and recovering these nutrients in a cost- and energyefficient manner.
In a conventional wastewater treatment plant, the sludge from primary and secondary
settling is typically treated by thickening and dewatering processes to minimize the volume of
sludge sent to disposal. Water recovered in thickening and dewatering is typically returned to
the headworks of the plant. However, this recycled water may contain relatively high
concentrations of ammonia, which may contribute a significant oxygen demand in the aeration
basin due to nitrification. The energy utilized in the aeration system typically composes 45% to
60% of the entire plant (Roman 2014). Thus, extracting ammonia from recycled water may
provide significant energy savings by decreasing the oxygen requirement for nitrification.
1.2

Beneficial Use of Recovered Nitrogen
Ongoing research continues on the recovery of nutrients from wastewater plants. Research

shows that these recovered nutrients could be utilized as soil fertilizer (Lee et al. 2003). Previous
research demonstrated that the recovery of nitrogen in the wastewater plant could make up 30%
of the nitrogen demand in agricultural (Verstraete et al. 2009). These recovered nutrients are an
available source to help ease the production of nitrogen fertilizer, since the demand is increasing
1

at an annual rate of 1.7% (United Nations 2011). From research conducted by Texas A&M
(Stichler & Mcfarland 2014), nitrogen is the element most depleted in lands and the element
farmers most desire. Therefore, the purchases of single-based fertilizers or nitrogen based
fertilizers such as ammonium sulfate are of interest to farmers.
In the study area of El Paso, Texas, there are approximately 69,000 acres of farming land in
production (Rios 2015). Having silty clay loam soil (Jaco 1971), crops that are produced are
cotton, alfalfa, and pecans (Rios 2015). The amount of land in production is approximately:
15,000 acres of pecan trees; 10,000 acres of cotton; and 5,000 acres of alfalfa (Rios 2015). Due
to the bacterium Rhizobium, alfalfa is able to recover its own nitrogen, only needing 20 to 30 lb
of nitrogen (N) per acre (Stichler 2014) compared to cotton and pecan farms that need 50 lb
N/acre (Kumar 1992), and 150 to 200 lb N/acre (Western Pecan Growers Association 2013)
respectively. Thus, in the El Paso region, there is an estimated agricultural fertilizer market use
of nearly 3,000,000 pounds of nitrogen per year.
1.3

Cost of Fertilizer Nitrogen
The United States imports about 36% of its nitrogen based fertilizers (Apodaca 2013).

However, the U.S. has about 29 production companies throughout the nation, and prices are
dependent on natural gas prices since 40%- 80% of the companies’ cost is from the natural gas
needed to make ammonia based fertilizer (Chen 2014).
Previous research has observed that the production of these fertilizers causes pollution
which is harmful to the atmosphere (Seniczak et al. 1998). Sustainable recovery of nitrogen
from municipal wastewater would save energy and decrease pollution.

2

With demand for nitrogen in agriculture and increasing fertilizer prices, more and more
farmers are struggling to keep their farms. The fertilizer market is a very broad and complex
business, due to import, transport, storage, and natural gas prices (Chen 2014). A farmer can
purchase fertilizer ranging from $0.5/lb to $0.7/lb of nitrogen, yet the nitrogen fertilizer prices
still fluctuate on a monthly basis (Schnitkey 2014). For comparison, retail prices of
commercially available fertilizers (for residential use) range from $1.22/lb to $8.98/lb of
nitrogen, as shown in Table 1.
Table 1. Retail prices of commercially available fertilizers.
Brand

Land

Weight of

Cost of

Cost of

Name

Coverage

Bag

Bag

Nitrogen

ft2

lb

N-P-K

%

$/bag

$/lb N

Miracle Gro

-

5

24-8-16

24%

$10.78

$8.98

Turf Buidler

25000

42.87

57-13-6

57%

$49.98

$2.95

5000

13.35

26-0-3

26%

$22.98

$6.62

Sta-Green

15000

42

29-0-5

29%

$31.44

$2.58

Milogranite

2500

36

29-0-5

29%

$12.78

$4.20

Hyponex

-

40

13-13-13

13%

$19.38

$3.73

Ingredients

1.4

% of N/bag

Goals and Objectives
The goal of this research is to improve the environmental sustainability of municipal sewage

treatment through the recovery of nitrogen. This research focused on evaluating the feasibility of
the recovery of ammonium sulfate from belt press filtrate at the Roberto Bustamante Wastewater
Plant (RBWWTP) in El Paso, Texas. The objectives were to (1) analyze existing monthly
operational data with respect to ammonia nitrification, (2) evaluate the technical performance of
3

a two stage gas-membrane, ammonia-separation process, and (3) evaluate the economic
feasibility of El Paso Water Utilities (EPWU) operating ammonium sulfate production.
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2
2.1

Methodology

RBWWTP Operational Data

2.1.1 Process Schematic
A schematic of the wastewater treatment plant (WWTP) is shown in Figure 1. Monthly
average data spreadsheets for the years 2012 and 2013 were obtained from plant superintendents
and operators, which included flowrates and constituents. Since some processes were not found
in the provided process flow schematic, an updated schematic of the WWTP was made, as
shown in Figure 1. To update the schematic, a thorough walkthrough with the plant
superintendents of the plant was performed. The influent and effluent of each process was
confirmed.
Riverside or
Riverside
Drain

Raw
Influent

Primary Effluent
(PE or Prim
effluent)
Bar
Screens &
De-Grit

Primary
Clarifier

Return
Flow

Return
Well

Chlorine
Contact
Chamber

Secondary
Clarifier

Aeration
Basin

Primary Sludge

Final
Effluent

Mixed
Liquor

Return Activate
Sludge (RAS)

Plant
Water

Disposal

Waste Activated
Sludge
Splitter
(WAS)
BPF
Filtrate

Belt Press
(BP)

Anaerobic
Digesters

Thickened
WAS Equalizer
(TWAS)

Filter
System

Gravity Belt
Thickener
(GBT)

Elevated
Tank

Biosolids
GBT Filtrate

-

Cake Solids

Figure 1. RBWWTP flow schematic.
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2.1.2 Average monthly flowrates
From the provided metered flowrates (monthly average spreadsheets years 2012 and
2013), the other (non-metered) unit process flowrates were calculated using mass balance
equations. A summary of main process and sludge process flowrates are show in Figure 2 and
Figure 3, respectively. The average monthly belt press filtrate flowrate ranged from 0.12 to
0.24 mgd.
60

Flowarte, mgd

50
40
30
20
10

Aeration

Prim effluent

RAW

Final effluent

JAN '12
FEB '12
MAR '12
APR '12
MAY '12
JUN '12
JUL '12
AUG '12
SEP '12
OCT '12
NOV '12
DEC '12
JAN '13
FEB '13
MAR '13
APR '13
MAY '13
JUN '13
JUL '13
AUG '13
SEP '13
OCT '13
NOV '13
DEC '13

0

Figure 2. Monthly average flowrates: raw and effluents (2012-2013).
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Flowrate (mgd)

10.00

Return flow
WAS
TWAS
BP filtrate

Prim sludge
GBT filtrate
BPF feed
BP cake

1.00

0.10

JAN '12
FEB '12
MAR '12
APR '12
MAY '12
JUN '12
JUL '12
AUG '12
SEP '12
OCT '12
NOV '12
DEC '12
JAN '13
FEB '13
MAR '13
APR '13
MAY '13
JUN '13
JUL '13
AUG '13
SEP '13
OCT '13
NOV '13
DEC '13

0.01

Figure 3. Monthly average flowrates: solids streams (2012-2013).
2.1.3 Ammonia and BOD concentrations
Also included in the monthly data spreadsheets were daily constituent concentrations.
Biological oxygen demand (BOD) and ammonia (NH3) concentrations were used to calculate
mass rates and treatment plant performance. The secondary treatment system consistently
removed greater than 95% of the influent BOD.
As shown in Figure 4, ammonia concentrations for the final effluent increase during the
winter months for both 2012 and 2013. The Texas Commission on Environmental Quality
(TCEQ) discharge permit is only in effect during the months of April through October, during
which effluent ammonia as nitrogen is required to be less than 5 mg/L (there were no permits on
concentration limitations on nitrates or ammonium). As for the other months, there are no
limitations.
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NH3 concentration, mg/L

10000.

RAW

Prim effluent

Final effluent

BP filtrate

Aeration

1000.
100.
10.
1.

JAN '12
FEB '12
MAR '12
APR '12
MAY '12
JUN '12
JUL '12
AUG '12
SEP '12
OCT '12
NOV '12
DEC '12
JAN '13
FEB '13
MAR '13
APR '13
MAY '13
JUN '13
JUL '13
AUG '13
SEP '13
OCT '13
NOV '13
DEC '13

0.1

Figure 4. Monthly average ammonia concentrations: raw, effluents and belt press filtrate
(2012-2013).
The ammonia concentration returning back to the headworks of the WWTP from the belt
press filtrate (BPF) is an order of magnitude greater than the influent raw wastewater, as shown
in Figure 4. As shown, there is significant variation in ammonia concentration throughout both
years especially for the year 2013 in the months between February 2013 and September 2013.
2.1.4 Oxygen mass load savings
The rate of oxygen required for oxidation of BOD (Ro,BOD) and the rate of oxygen for
nitrification (Ro,Nit) were calculated as follows (Metcalf & Eddie 2013):

𝑹𝒐,𝑩𝑶𝑫 = 𝑸(𝑺𝒑𝒆 − 𝑺𝒔𝒆 )
𝑹𝒐,𝑵𝒊𝒕 = (𝟒. 𝟓𝟕

𝒍𝒃 𝑶𝟐
𝒍𝒃 𝑵

) 𝑸(𝑻𝑲𝑵𝟎 − 𝑵𝒆 )

where:
Ro,BOD= oxygen required for aerobic removal of BOD (lb/day)
8

Eq. 1
Eq. 2

Q = primary effluent flow (mgd)
Spe = primary effluent BOD (mg/L)
Sse = secondary effluent BOD (mg/L)
Ro,Nit= oxygen required for nitrification of ammonia (lb/day)
TKN0 = raw Total Kjeldahl Nitrogen (mg/L as N)
Ne = secondary effluent ammonia (mg/L as N)
The monthly average data provided did not include TKN values for any processes,
therefore, the raw TKN was estimated, assuming that raw ammonia is 58% of the raw TKN
concentration (Metcalf & Eddie 2013). The oxygen credit due to unoxidized carbon and
nitrogen in the waste activated sludge (WAS) was calculated (Metcalf & Eddie 2013), but for
some months, the calculated credit for unoxidized carbon exceeded the oxygen demand for
BOD. Thus, the determination of the fraction of oxygen required in the aeration process that is
due to nitrification (𝑓𝑂2,𝑛𝑖𝑡 ) was conservatively calculated as:
𝒇𝑶𝟐 ,𝒏𝒊𝒕 = 𝑹

𝑹𝒐,𝑵𝒊𝒕

𝒐,𝑩𝑶𝑫 + 𝑹𝒐,𝑵𝒊𝒕

Eq. 3

2.1.5 Oxygen cost analysis
The RB WWTP operators also provided log spreadsheets of daily energy usage data and
run times for 2012 and 2013, each containing information for each building and process. The
data was separated by each building, which included two buildings with two blowers each due to
the four aeration basins. The run times were calculated for each month, along with the energy
utilized by each blower, the mass flow of oxygen before and during operation for the aeration
basins, and the dissolved oxygen for each aeration basin. The oxygen utilization efficiency was

9

calculated by dividing the total mass flow of oxygen by the total oxygen demand monthly
averages.
The total aeration blower energy (kWh) used per month was calculated by summing the
product of the electrical power drawn (kW) and the hours the blowers ran. The monthly cost of
electrical energy was obtained from previous work done, this is shown in Figure 5. Using the
cost of energy and the total monthly blower energy, the total blower cost per month is shown in

$0.09
$0.08
$0.07
$0.06
$0.05
$0.04
$0.03
$0.02
$0.01
$0.00
JAN '12
FEB '12
MAR '12
APR '12
MAY '12
JUN '12
JUL '12
AUG '12
SEP '12
OCT '12
NOV '12
DEC '12
JAN '13
FEB '13
MAR '13
APR '13
MAY '13
JUN '13
JUL '13
AUG '13
SEP '13
OCT '13
NOV '13
DEC '13

$/kWh

Figure 6.

Figure 5. Monthly average cost per energy (2012-2013).
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Monthly Blower Costs

$140,000
Blowers 1 & 2
Blowers 3 & 4
Total Blower Cost

$120,000
$100,000
$80,000
$60,000
$40,000
$20,000

JAN '12
FEB '12
MAR '12
APR '12
MAY '12
JUN '12
JUL '12
AUG '12
SEP '12
OCT '12
NOV '12
DEC '12
JAN '13
FEB '13
MAR '13
APR '13
MAY '13
JUN '13
JUL '13
AUG '13
SEP '13
OCT '13
NOV '13
DEC '13

$-

Figure 6. RBWWTP monthly average air blower costs (2012-2013).

The annual cost of oxygen demand for ammonia nitrification was calculated utilizing the
following equation:
𝑪𝒐𝒔𝒕𝑶𝟐 ,𝒏𝒊𝒕𝒓𝒊𝒇𝒊𝒄𝒊𝒂𝒕𝒊𝒐𝒏 = [ 𝒇𝑶𝟐 ,𝒏𝒊𝒕 ][𝑻𝒐𝒕𝒂𝒍 𝑨𝒊𝒓 𝑩𝒍𝒐𝒘𝒆𝒓 𝑪𝒐𝒔𝒕]
2.2

Eq. 4

Ammonia Pilot Skid Testing

2.2.1 Ammonia Skid Process
The pilot system utilized two Liqui-Cel 4 x 28 membrane contactors in series that
removed ammonia from the belt press filtrate, as shown in Figure 7. A cutaway sketch of the
hollow-fiber gas membranes (Liqui-Cel 2015) is shown in Figure 8.

11

NaOH

-2

-3
BFP
Filtrate

-1

5,O
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2

NH4+

Membrane
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Filter
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Filter
3
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Sample Location

NH3

NH4+ Membrane
Contactor #2

4
Effluent

E-43

H2SO4
Tap Water
AF

5

(NH4)2SO4

6
1µ
Filter

(NH4)2SO4

Figure 7. Ammonia Recovery Skid Schematic.
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Figure 8. Hollow-fiber membrane contactor cutaway (Liqui-Cel 2015).
The membranes’ hollow fibers allow gas transfer between liquid process streams. Before
the belt press filtrate flows through the shell side of the membrane (outside of the hollow fibers),
sodium hydroxide (NaOH) is injected to raise the pH, and the ammonium ion is converted to
ammonia as it enters the membrane contactor, as shown in the following formula:
−
𝑵𝑯+
𝟒 + 𝑶𝑯 ↔ 𝑵𝑯𝟑 (𝒂𝒒) + 𝑯𝟐 𝑶 (𝒍)

13

Eq. 5

Subsequently, the ammonia dissolved in water then volatilizes according to Henry’s Law
(Sawyer & Perry 2002), and the gaseous ammonia passes through the membrane, as shown in
Figure 9:

𝑵𝑯𝟑 (𝒂𝒒) ↔ 𝑵𝑯𝟑 (𝒈)

Eq. 6

Figure 9. Ammonia transfer through hollow-fiber gas membranes (Liqui-Cel 2015).
At the same time, sulfuric acid and water solution, referred to as acid feed (AF), are
pumped through the hollow-fiber membranes in the opposite direction of the belt press filtrate, as
shown in Figure 9. While these two fluids are flowing through the membranes, the ammonia
from the belt press filtrate feed (BPF, where the base is injected) is allowed to cross through the
membrane, and once ammonia crosses the membrane and has contact with the AF solution, the
ammonia reacts with the sulfuric acid to produce dissolved ammonium sulfate:
14

𝟐𝑵𝑯𝟑 + 𝑯𝟐 𝑺𝑶𝟒 ↔ (𝑵𝑯𝟒 )𝟐 𝑺𝑶𝟒

Eq. 7

To maintain pH levels in the system, small injection pumps were designed into the pilot
system. The doses pumped were constantly manipulated and injected according to the desired
pH. A 20 gallon barrel of caustic soda and a 55 gallon barrel of sulfuric acid were provided.
The caustic soda consisted of a concentration of 50% NaOH (i.e., 19 M NaOH) and 50% sulfuric
acid (i.e., 10 M H2SO4).
2.2.2 Batch equilibrium, high-pH precipitation
Similar to Equation 5, the acid dissociation of ammonium can be written as:
+
𝑵𝑯+
𝟒 ↔ 𝑵𝑯𝟑 (𝒂𝒒) + 𝑯

Eq. 8

Considering that the pKa value of ammonium is 9.3 (Sawyer & Perry 2002), it was assumed that
the optimal pH of the belt press filtrate would be greater than 9.5 to shift a significant fraction of
the ammonium to ammonia. As shown in Figure 10, at a pH 9.5, 10.0, and 10.5, the fraction of
the total ammonia in the ammonia species would be 61%, 83%, and 94%, respectively.
100%
[NH4+]

Speciation

80%

[NH3]
60%
40%
20%
0%
0

2

4

6

8
pH

10

12

14

16

Figure 10. Speciation diagram for ammonium and ammonia.
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Ideally, higher pH would work more effectively, but the pH is practically limited by
precipitation of calcium carbonate, which would foul the membranes. In order to identify the
upper pH limit of significant precipitation formation, a laboratory precipitation test was
performed. Four belt press filtrate (BPF) samples were collected, and the pH was adjusted by
adding NaOH to raise the pH 9.5, 10.0, 10.5, and 11.0. The samples were allowed to stand for
two hours, and a photo was taken every half hour to observe any visible precipitation.
Furthermore, a laboratory acidity test was performed with a sample of belt press filtrate.
The sample was titrated to determine how much NaOH was required to reach a certain pH.
2.2.3 Ammonia Recovery Sample Analysis
During operation of the pilot unit, water samples were collected approximately every 30
minutes, and samples were analyzed utilizing Orion 5 Star pH, conductivity probes, and an
ammonia probe (Orion high ammonia probe).
2.3

RBWWTP Economic Feasibility: Cost to Benefit

2.3.1 RBWWTP production capacity
The total nitrogen production from EPWU WWTPs was estimated based on the
experimental removal ratio of ammonia from belt press filtrate. This production was compared
with the regional annual nitrogen demand.
2.3.2 Full-scale energy and cost savings
Full-scale aeration energy and cost savings were estimated based on the ammonia
removal observed in piloting. Aeration energy and cost savings were calculated following the
methodology provided in Sections 2.1.4 and 2.1.5, accounting for the fraction of ammonia
removed from the belt press filtrate.

16

2.3.3 Benefit to cost and payback period
In addition to aeration cost savings, revenue was estimated due to the sale of the
ammonium sulfate produced. The aeration cost savings and the ammonium sulfate revenue were
added to estimate annual gross financial benefits. The operating costs of adding sodium
hydroxide and sulfuric acid were estimated and subtracted from the gross annual benefits to
calculated net annual benefits.
The simple payback period was estimated based on the capital cost and the annual net
financial benefits. In order to estimate the full-scale capital cost, the total number of full-scale
modules (membrane contactors) was estimated based on the maximum monthly flowrate of the
BPF. The required full-scale membrane area was estimated based on scaling the flow rate of the
pilot unit to the maximum full-scale flowrate. The cost of each full-scale membrane module was
estimated as $4,300/module.
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3
3.1

Results and Discussion

RBWWTP Operational Data Analysis

3.1.1 Oxygen mass load savings
The monthly average rate of oxygen required for BOD removal and nitrification was
estimated, and the amount of oxygen required for nitrification typically exceeds the amount of
oxygen required for BOD removal, as shown in Figure 11. The fraction of oxygen required for
nitrification ranges from 40% to 65%, and the average fraction of oxygen required for
nitrification of belt press filtrate is 8%, as shown in Figure 12. (Practically, increasing the
nitrification effectiveness of the secondary system would require longer solid retention times
(SRTs), which would require more oxygen. So, this is a conservative estimate.)
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Figure 11. Monthly average oxygen demands for BOD and nitrification (2012-2013).
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Figure 12. Fraction of oxygen required for all nitrification and belt press filtrate (20122013).
3.1.2 Oxygen cost analysis
The monthly cost of nitrification of all influent ammonia ranged from $20,000 to $60,000
per month (as shown in Figure 13), with total annual costs of $385,400 and $505,700 for the
years 2012 and 2013, respectively. Based on the monthly fractions in Figure 12, the annual cost
of nitrifying the belt press filtrate (BPF) was $32,300 and $37,900 for the years 2012 and 2013,
respectively.
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Figure 13. Monthly aeration cost of all nitrification and nitrification of belt press filtrate
(2012-2013).

3.2

Ammonia Pilot Skid Testing

3.2.1 Batch equilibrium, high-pH precipitation
As shown in Figure 14, the precipitation test revealed significant visible precipitation in
the samples adjusted to pH of 10.0 and higher. Therefore, the pilot system was tested at belt
press filtrate set points of 9.5, 9.8, and 10.
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Cloudiness = precipitation formation

Initial Time= 9:45 a.m.
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Figure 14. Batch high-pH precipitation test for BPF.
3.2.2 Process sensitivity to pH and flowrate
The pilot system was operated with a belt press filtrate flowrate of 2 gallons per minute
(gpm) and pH of 9.5, 9.8, and 10. Initially, the five micron cartridge filter (upstream of the first
membrane module) would clog (requiring replacement) within 10 to 15 minutes of starting the
pilot system. It was determined that the pressure media filter pre-treatment (upstream of the
pilot) was significantly oversized, and, thus, ineffective at providing adequate particle
pretreatment. After significant project delays in attempting to resolve automated control errors
and particle pretreatment, for the sake of proceeding with testing the ammonia removal
performance, it was decided to operate the pilot in manual control and without the five micron
filtration. Furthermore, the desired flowrates of 4 gpm and 8 gpm were not able to be tested
because the sodium hydroxide (caustic) dosing pump was undersized, so the pH of the belt press
filtrate could not be raised greater than 9 at a flow rate of 4 gpm.
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In spite of the deficiencies in the design of the pilot system, the pilot unit was operated
with belt press filtrate pH values of 9.5, 9.8, and 10. As shown in Figure 15 for the test at
2.0 gpm and pH 9.8, ammonia was consistently removed in each membrane stage (S3 and S4 in
Figure 7), with an average total removal of 68%. Ammonium sulfate accumulated in the
46 gallon product tank (S5 - Acid Feed) at a rate of 16.0 mg/L/min (of nitrogen) for an average
accumulation of 11 lb/day of nitrogen. The return flow to the product tank (S6 - Acid Return)
was enriched with 700 to 1100 mg/L more nitrogen than the acid feed.
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Figure 15. Ammonia concentrations for test at 2.0 gpm and pH 9.8.
From plotting the three piloting runs at pH levels 9.5, 9.8, and 10, revealed a general
trend of increasing ammonia removal, as shown in Figure 16. The most efficient removal rate
was 68% at a pH of 9.8, which has ammonia speciation of 76%, indicating a performance
efficiency of 89%. For three tests at a flow rate of 2.0 gpm and a pH of 9.8, the average ammonia
removal ranged from 57% to 84%.
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Figure 16. Ammonia removal according to the pH levels.
The experiment operated at a pH of 10 resulted in 63% removal, presumably due to
particle fouling on the membranes, indicated by increasing feed pressure, as shown in Figure 17.
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Figure 17. Filtrate feed and outlet pressures (2.0 gpm, pH 10.0).
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3.3

RBWWTP Economic Feasibility: Cost to Benefit Analysis

3.3.1 RBWWTP production capacity
Assuming a removal of 68% of the ammonia in the belt press filtrate, the RBWWTP
could conservatively produce 300,000 pounds of nitrogen (lb N) in the form of 1,400,000 pounds
of ammonium sulfate, which represents approximately 10% of the estimated annual regional
nitrogen fertilizer requirements.
3.3.2 Full-scale oxygen and energy cost savings
Removal of 68% of ammonia from the entire RBWWTP belt press filtrate is estimated to
save an average of approximately 872,000 kilowatt-hours (kWh) and $23,900 per year due to
nitrification in the aeration basin.
3.3.3 Benefit to cost and payback period estimate
For estimating ammonium sulfate retail price in the El Paso region, quotes were acquired
from a local chemical supplier. Prices ranged from $1.18/lb N ($0.25/lb for 50 pound bags of
powdered ammonium sulfate) to $9.67/lb N ($4.63 per gallon for a liquid 24% ammonium
sulfate solution). Assuming a sale price of ammonium sulfate at $0.60/lb N, the estimated
average revenue for RBWWTP is $15,135 per month. This revenue, combined with energy
savings would result in gross benefits of approximately $205,500 per year.
With an average flow rate of 2.0 gpm in the two-module pilot unit, an ammonium sulfate
recovery system with an average flow of 252 gpm (0.36 mgd) would require 252 4X28 Liqui-Cel
membrane modules at $4,300 per each. (Alternatively, the same flow rate could be treated with
fourteen 14X40 Liqui-Cel modules.) This results in a total module cost of $1,084,050.
Assuming additional capital costs of 40% ($433,620) and engineering fees of 15% ($162,600).
The total capital cost is estimated at $1,680,280.
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Assuming a loan payment of $1.7 million with a 20 year period (assuming a 20 year life
for the membranes) and an annual interest rate of 5%, the annual compound payment would be
an estimated $136,412.
To treat an average flowrate of 0.18 m of RBWWTP belt press filtrate, the ammonium
sulfate production process would require approximately 12,440 gallons per month of 50%
sodium hydroxide and approximately 22,191 gallons per month of 50% sulfuric acid, which
would cost approximately $542,000 and $2,040,000 per year, respectively.
Assuming a pressure drop of 30 psi through the treatment process and a pump-motor
efficiency of 60%, pumping the average 0.18 mgd through the ammonium sulfate production
process would consume 2.74 kW of electrical power. This power consumption would total
approximately 24,000 kWh of electrical energy per year, which would cost approximately $1200
per year at $0.05/kWh.
Thus, loan, chemical, and pumping costs would total approximately $2,716,000 per year.
Unfortunately, with annual gross benefits of $205,500, these costs would result in net losses of
approximately $2.5M per year.
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4

Conclusion

This goal of this research was to evaluate the feasibility of the recovery of an ammonium
sulfate product from belt press filtrate, which can decrease the aeration energy demand and
generate revenue from the sale of ammonium sulfate. The objectives of this research were to: (1)
analyze wastewater treatment average monthly data flows and constituents with respect to
ammonia nitrification, (2) the evaluate the technical performance of a two sage gas-separation
membrane for recovering ammonia separation, and (3) evaluate the economic feasibility of
wastewater plants operating ammonium sulfate production.
First, the Roberto Bustamante WWTP has a maximum monthly belt press filtrate flow of
0.24 mgd, with an average ammonia load of 1197 lb N/day. Providing the oxygen required to
nitrify the ammonia in the belt press filtrate represents an estimated 8% of the aeration blower
energy costs, which requires an estimated average annual energy cost of $60,868. Second,
operating the ammonia pilot at a flow of 2 gpm and a pH of 9.8 in the belt press filtrate influent
revealed an optimal ammonia removal of 68% and a production rate of 11 lb/day N. Third,
forecasted for an average flow of 0.18 mgd ammonium sulfate recovery system from belt press
filtrate would require a capital cost of $1,680,000 and would produce an average annual net
benefit of $205,547 for a payback period of 8 years. Thus, the loan, chemical and pumping costs
would total to approximately $2,716,000 per year, which would result in net losses of
approximately $2.5 million per year.
Future research should address deficient particle treatment and testing higher flowrates
and slightly higher filtrate feed pH. Future work should also test evaporation of liquid
ammonium sulfate solutions to generate a powdered ammonium sulfate product.
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Appendix A: Startup procedures for ammonia recovery skid
The ammonia recovery pilot was put where the belt presses are located. The RBWWTP
employees accommodated the piping system so that the water from the belt press filtrate would
reach into a bucket. This can be seen from Figure 18.

Figure 18. Piping system leading the BPF to the bucket where the water is pumped into the
ammonia recovery skid.
Understanding the theory part of the system to run does not take a lot of physical labor.
To prep the system at first, make sure a hose with clean (tap water) is installed in the middle
tubing, shown in Figure 19.

30

Figure 19. Placement of hose that contains clean water (tap).
A pump is utilized inside the little bucket where the incoming belt press filtrate is let out.
Make sure the pump is primed before turning it on. The need for an electrical cord for this pump
is needed so that the water can be pumped into the media filter.
On the fuse box, below the fuse box where the screen is shown, there is a red knob, this
knob is turned to the left to turn on the machine, where the machine will automatically show a
screen. For automatic use, on the screen the operator goes to the parameters section to input the
values that he/she wants to run the system at. Also, input the run time he/she would like to run
the batch. The system is very basic and simple to operate, the only parameters to worry about
changing and managing are the pH on the acid and base, and the flowrate in the feed side. If the
automatic system is not working properly, the system has to run in manual mode.
Manual requires that the operator turns on the pumps on the screen and opens the
automatic solenoid valves when need to.
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It takes about five minutes for the system to be ready to begin, due to the tank getting
filled with tap water and sulfuric acid being injected in order to lower the pH level according to
the operators need.
The system was designed to be pH sensitive meaning that the system will not start
running until the pH parameters on the acid side are reached. Once the tank is filled with water
and the pH is at the set point, then the system will start running and recovering ammonia sulfate.
The system does require some observation at the beginning because the acid and base
pumps need to be adjusted manually utilizing the knobs to control the amount of injections per
minute, shown in Figure 20. This takes about ten to fifteen minutes. Once the parameters of pH
and flowrates are set, the samples are taken.

Figure 20. Shown is the acid and base pump and the knobs utilized to manually set pH
levels desired by operator.
Emergency button is shown under the touch screen where parameters are set. The
experimental samples of conductivity, ammonia, and pH were taken where there were open
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valves. These can be seen in the Figure 21. There are four physical pressure gauges, each before
and after the 1 and 5 micron filters.
When there is a pressure difference of 15 psi the filters should be replaced. Also, the
pressures on the screen that show the difference in membrane pressures, if too high, then the
alarms will go off and stop automatically shut off the system.

Figure 21. Location of the 5 micron and 1 micron filters before the membrane contactors.
The system will run according to the amount of time one wants it to run. When an alarm
begins, the system will shut down until the alarm is reset and the problem is resolved. There is
also an emergency button, it is bright red with yellow surrounding it. It is set under the screen,
as seen in Figure 19. This is pushed, in case there is no alarm, but something has gone wrong.

33

Curriculum Vita
Evelyn Rios was born in El Paso, Texas. She grew up in the west side of town where she
attended Coronado High School. She entered at The University of Texas at El Paso with the
Dodson Scholarship for piano performance. While pursuing a bachelor’s degree in civil
engineering degree, she also studied piano and performed with the University of Texas at El Paso
Symphony. In the summers of 2011 and 2012 she worked as a research assistant with The
University of Cincinnati at Ohio and New Mexico State University. The projects were based on
algae growth, along with carbon dioxide removal, and groundwater protection against invasive
plant species. These projects led to more interest in innovative sustainable ideas, which she then
decided to continue her studies. In the summer of 2013 she went to Temple, Texas to work for
the United States Department of Agriculture. This experience helped prepare her for the thesis
project. The work entailed of working with water management for plant growth and
understanding how farmers plan out their year for water and fertilizer dispersion. In the fall of
2013, she entered the Graduate School at The University of Texas at El Paso as a candidate for
environmental engineering.

Contact Information:

erios4@miners.utep.edu

34

